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Recently published data on the specific rotation of egg albumin, 
gliadin, and gelatin (40°C.)  make possible a more direct study of the 
relationship between mobility, titration curve, and rotation.  In con- 
sequence of the work of Pasteur, Walker, Wood, Levene and his co- 
workers, Pauli and his coworkers, and others, it is reasonable to expect 
that the ionization of an isoelectric form of the protein would produce 
changes in rotation  of  the plane  of  polarized light  (1).  Let a0 be 
the specific rotation of a  protein at its isoelectric point.  If the pH 
of the medium is changed, a  may increase, decrease or even change 
its direction (as in the case of gliadin) ; then if a is the specific rotation 
of the ionized protein, (a- aQ) represents a change in rotation incidental 
to the change in the net charge on the molecule.  In the preceding 
communication (2) it has been shown, with certain assumptions, that 
a linear relationship exists between changes in electric mobility and 
changes in acid (base) bound by proteins in solutions of the same ionic 
strength in the pH range of acetate buffer.  We now extend our ap- 
proximation to optical rotation, so that 
remembering the  assumptions made.  In  other  words  the  (~-~0) 
curve should be congruent with the mobility curve and titration curve 
when the acid bound is proportional to the charge, all three plotted 
as a function of pH. 
1.  Egg Albumin.--The  data of Jessen-Hansen (3)  for egg albumin 
range for a have been recalculated so that all of his measurements have 
* Presented at a meeting of the American Physical Society, April, 1931. 
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been reduced to the same wave length, ~, thus eliminating the very wide 
scatter of his data.  This is justified by the linear relationship between 
and  ~,2, for  then,  if  the  subscripts  1, ......  2, ......  3, ......  n, 
denote different wave lengths, 
--  ~  constant~  etc. 
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FIG. 1. The main smooth curve is the mobil/ty and titration curve of egg albu- 
min.  The points are mean values of (a-a0) obtained from data of ]essen-Hansen. 
The inset shows (rotation data from Almquist  and  Greenberg)  that  the simple 
1/near relationship between titration and rotation curves does not hold in acid 
solutions.  The mobility (~)  and particularly the  charge  (Q)  curves,  however, 
have their maxima nearer the same pH that the maximum rotation is attained. 
This conclusion is borne out by an analysis and recalculation of data 
of Jessen-Hansen.  The value of a0 obtained by interpolation, is then 
23.72  °,  assuming  a  linear  relationship  between  pH  4.43  and  4.81. 
The smooth  curve in  Fig.  1  is  our combined mobility and  titration HAROLD  A. ABRAMSON  AND  E. B. GROSSMAN  607 
curve for egg albumin plotted as in Fig.  1 of the preceding paper (2) 
but smoothed.  Our data for (a-a0),  plotted as  a  function of pH, 
show the congruency of the curves of mobility, titration, and optical 
rotation over this narrow pH range.  The factor used to calculate aQ, 
a change of :t:0.74 for 0.38 of a pH unit, has been used to plot the first 
point on the smooth curves, the remaining points then being plotted 
on the same scale.  That the problem is not so simple, however, in 
this instance has been brought out recently by Almquist and Green- 
berg (4).  These authors point out that the fiat portion of  the rota- 
tion-pH curve reaches its maximum value at pH 3.15 while the titra- 
tion curve attains its  maximum at about pH 2.0.  Our  viewpoint, 
however, demands that the charge on the protein (rather than the 
acid bound) and the rotation be simply related.  In the inset in Fig. 
1 there are four curves plotted in relative units showing the course of 
the curves of mobility, charge, rotation, and acid bound.  The maxima 
of the mobility and charge curves are very near to that of the rotation 
curve.  The  data  on mobilities in  HC1  are  new preliminary data. 
Other difficulties confronting a  simple comparison in  acid solutions 
are:  (1)  the rotation curve below pH 3.0 apparently runs parallel  to 
the abscissa; (2) the solution becomes polydisperse (5).  The charge 
curve, if our preliminary data and calculations are correct, reaches a 
maximum and then declines very slightly.  If the albumin, practically 
completely dissociated between pH  3.5  and,  say,  pH 4.7,  becomes 
associated below pH 3.5, we would have a series of mixtures schematic- 
ally tantamount to 
NH.  +  NI-I.  +  NI-I.Cl 
/  -*/  ~/ 
R  R  R  \  +-\  ,--\ 
COO-  COOH  COOII 
and fractions of lower molecular weight of the last two.  If the form 
~ 
I~Cl 
R  exists at pH 2.0, the rotation observed would be due to a 
COOH 
summation of the rotations of the quantities of this form and of the 
NH3  + 
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2.  Gliadin.--The data of Haugaard and Johnson  (6) on the optical 
rotation of gliadin have been calculated on the basis of c~0  =  115.16 
at pH  7.23.  At  this  point  there is a  minimum  in  the  a-pH curve. 
In plotting  the data for the relationship  between a  and acid  bound, 
two different key points  were chosen,  one for each  side  of  the  iso- 
electric point.  Fig. 2 demonstrates for gliadin the congruency of the 
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Fro. 2.  Data of Haugaard and Johnson have been plotted to show the congru- 
ency of the rotation and titration  curves in the pH range indicated. 
rotation  and  titration  curves from pH  5.1  to pH 8.9 in  54  per cent 
alcohol.  It will be of interest to measure  mobilities and  rotation  and 
to calculate charge on  the same sample of gliadin  in solvents having 
different dielectric constants. 
3.  Gelatin.--In  Fig. 3  it is demonstrated that over a wide pH range HAROLD  A. AB~SON  AND  E. B. GROSSM_AN  609 
a  general congruency of the curves of mobility (acid side of isoelectric 
point)  of rotation,  of osmotic pressure, and of combining power exist. 
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Fic. 3. The changes in optical rotation, osmotic pressure, and H+(OH  -) bound 
by gelatin from pH 3 to pH 10 are practically linearly related.  The maximum of 
rotation and mobility observed occurs at about the same pH  =  3.0 for egg albu- 
min.  The data have been obtained from papers of Loeb, of Hitchcock, and of 
Kraemer. 
The data have been taken from Loeb (7), from Kraemer (8), and from 
Hitchcock (9).  The same maximum occurs in the v-pH and (a-s0)- 610  ELECTROKINETIC PHENOMENA.  VII 
pH  curves  at  about  pH  3.0  as  noted  for egg  albumin.  Note  in 
particular in Fig.  3 that the combining power, osmotic pressure, and 
rotation curves all show the  same inflection at about pH 9.1 
SUMMARY 
The  specific rotation  of egg albumin,  gliadin, and  gelatin  (40°C.) 
is discussed  in connection  with  available  data  on  (a) mobility,  (b) 
titration  curve,  and  (c) osmotic  pressure.  It seems  likely that the 
change in specific rotation with pI-I of protein solutions is proportional 
to  the  change  in  net  charge. 
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t The viscosity-pH curve is of interest.  It can be shown theoretically that the 
change in viscosity with pH of protein solutions  should be proportional to the 
square of the change in charge.  That is, in solutions  of the same ionic strength 
the change in viscosity should be proportional to the square of the electric mobility. 
Data of this sort to test the theory do not seem to be available. 